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Abstract

Aim: Oxalis barrelieri is a medicinal plant commonly used in Cameroon, for the treatment of

many diarrheal diseases. The antibacterial properties of O barrelieri aqueous extract (WOb)

against Shigella dysenteriae type 1 were investigated in vitro and in vivo.

Methods: Antibacterial activity was evaluated in vitro by disc diffusion method and by

macrodilution method. S dysenteriae type 1 at a dose of 1.2 × 109 CFU was administrated orally

to rats to induce shigellosis. For 6 consecutive days, diarrheic rats were treated with O barrelieri

aqueous extract (50 and 100 mg/kg BW) or norfloxacin (20 mg/kg BW). The diarrheal stool

weight and S dysenteriae type 1 density were assessed during the treatment period, and death

rate recorded. Nitric oxide production in blood and in colonic homogenate and blood parameters

were assessed, and the histological section of the colon was performed in the survivors.

Results: The minimal inhibitory concentration and minimal bactericidal concentration of WOb

were, respectively, 6 mg/mL and 25 mg/mL. The mean minimal bactericidal concentration/mini-

mal inhibitory concentration ratio for WOb against S dysenteriae type 1 was high (˃4); WOb could

be classified as a bacteriostatic drug. WOb significantly (P < .01) reduced bacterial density and

diarrheal stool weight. WOb decreased nitric oxide production (P < .01) in the large intestine

and protected the mucosa of the colon from bacterial destruction.

Conclusion: The results suggest thatO barrelieri aqueous extract possesses bacteriostatic and

antidiarrheal activities and reduces damages caused to intestinal mucosa barrier by pathogenic

mechanisms of Shigella. This extract could be used as an alternative therapeutic for infectious

diarrhea.
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1 | INTRODUCTION

In mammals, the gastrointestinal tract harbors various microbes that

play an essential role in maintaining its physiological homeostasis.1

Changes in the composition of these gut microbes can alter the

intestinal barrier and the immune system,2,3 which can lead to

gastrointestinal infections. Gastrointestinal infections caused by bacte-

ria, viruses, and parasites are usually manifested by diarrhea or by
- - - - - - - - - - - - - - - - - - - - - - - - - - -
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inflammatory bowel diseases or gastroenteritis.4 Diarrhea is defined

as the emission of at least 3 nonmolded or liquid stools per day.5,6 It

is an alteration in normal bowel movement that leads to the increase

in water and electrolyte content, volume or liquid stool frequency,

and abdominal pain.7 An emission of 10 g/kg BW/d of feces in infants

and children and 200 g/kg BW/d in an adolescent or an adult is consid-

ered abnormal.8 Diarrhea can be infectious or not. Noninfectious

diarrhea can be due to hormones that accelerated intestine transit, to
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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osmotic substances and/or laxatives. Infectious diarrhea can be due to

virus, bacteria, and/or parasites.4 In the world and particularly in devel-

oping countries, infectious diarrhea still remains one of the leading

causes of infant mortality.9 A multicentric study from 6 Asian countries

estimated Shigella as the causative agent in 5% of the diarrheal cases.10

As little as 10 to 100 Shigella can cause shigellosis in human,11 whereas

1.2 × 109 Shigella can cause dysenteric diarrhea in rats.12 Shigellosis

occurs worldwide, in sporadic, endemic, epidemic, and pandemic

forms.13 Most of the cases are children <5 years of age. The annual

number of shigellosis episodes throughout the world is estimated to

be 164.7 million, with 69% of all episodes and 61% of all deaths attrib-

utable to shigellosis involving children <5 years of age.10 The economic

impact of diarrhea and its treatment are of considerable impor-

tance.14,15 The annual treatment costs for diarrhea are very high and

ranged from US$ 907 116 to US$ 1 851 280 for ambulatory clinical

consultations and from US$ 701 833 to US$ 4 581 213 for hospitali-

zations.16 The re‐emergence of Shigella dysenteriae type 1 (Sd1) with

added resistance to ciprofloxacin, which has epidemic potential, has

also been reported.10 Many synthetic drugs such as diphenoxylate

and loperamide are available for the treatment of diarrhea, but they

have toxic side effects.17 Therefore, the search for new, safe, more

effective, and less toxic molecules has continued to be an important

area of research in pharmacology. Since antiquity, diarrhea has been

treated with medicinal plants in traditional medicine.17 Oxalis barrelieri

L. is traditionally used by Cameroon inhabitants (Central Africa) for

diarrhea care. The O barrelieri aqueous extract, at doses of 50 and

100 mg/kg BW, showed significant antidiarrheal activities in rats

treated with castor oil.18 Phytochemical studies of O barrelieri aqueous

extract revealed the presence of compounds such as phenols, terpe-

noids, anthocyanidins, anthraquinones, coumarins, and saponins.18

This work has been initiated to evaluate the antidiarrheal properties

of O barrelieri aqueous extract on infectious diarrhea, by using Sd1–

induced diarrhea in rats as a model.
2 | MATERIALS AND METHODS

2.1 | Plant material

Whole plants of O barrelieri were collected in Yaoundé (Center Region

of Cameroon) in September 2014 between 8 AM and 10 AM. The

plant was identified at the National Herbarium of Cameroon in

Yaoundé, and a voucher specimen was deposited under no. 49998

HNC. Whole plants were washed thoroughly with water, shade‐dried,

and ground. The powder (407 g) was macerated in distilled water (5 L)

for 3 days in a percolator. After 3 days of maceration, the mixture was

filtered by opening the tap of the percolator and was concentrated by

vacuum distillation at 50°C to yield 128 g (31.45%) of brown extract. A

stock solution (10 mg/mL) was prepared by dissolving 10 g of dry

extract in distilled water to obtain 1000 mL of solution.
FIGURE 1 Realization of the adapted E‐test method with the Oxalis
barrelieri aqueous extract on Salmonella Shigella agar inoculated with
Shigella dysenteriae type 1
2.2 | Experimental animals

Prior to the study, male and female Wistar albino rats (60‐98 g),

approximately 6 weeks old, were selected and allowed to acclimatize

for 1 week to our laboratory environment (22°C‐25°C and 12 h
light/12 h of darkness). In vivo experiments on rats were performed

according to the European Union guidelines on animal care (CEE

Council 86/609) that was adopted by the Ministry of Scientific

Research and Innovation of Cameroon.19 Animals housed in metabolic

cages (1 animal/cage) were fed a diet consisting of carbohydrates

(50%‐55%), fats (15%‐20%), and proteins (25%‐30%).20
2.3 | Bacterial strain

Clinical isolates of Sd1 from patients with severe infections were

provided by the Centre Pasteur of Yaoundé, Cameroon.
2.4 | In vitro antibacterial susceptibility

2.4.1 | Disc diffusion method

Minimal inhibitory concentration (MIC) was determined with adapted

E‐test according to disc diffusion method.21 Sterile 6‐mm Ø filter

paper discs (Schleicher & Schul, no. 2668, Dassel, Germany) were

impregnated with 50 μL of O barrelieri aqueous extract at various con-

centrations. Sd1 inoculum of 0.5 mL (5 × 105 CFU) was flooded in Sal-

monella Shigella (SS) and in Mueller Hinton agar (Oxoid) and incubated

for 15 minutes at 37°C. After incubation, the impregnated paper discs

were placed on the plates according to decreasing extract concentra-

tions (50 000‐24 μg/mL) (Figure 1). The petri dishes were incubated

at 37°C for 24 hours. After 24‐hour incubation at 37°C, the growth

inhibition and the MIC (first disc that did not present growth inhibition)

were observed on the petri dishes. The test was performed under ster-

ile conditions in duplicate and repeated 3 independent times.

2.4.2 | Macrodilution method

This method has been adopted from NCCLS M26‐A,22 with modifica-

tions.23,24 The Sd1 strains were adjusted to achieve a turbidity

equivalent to a 0.5 McFarland (1 × 108 CFU/mL) and diluted

(1:1000)25 in brain heart infusion (Oxoid). A dilution series of the

extract, ranging from 50 000 to 24 μg/mL, were prepared and then

transferred to the broth in 14 tubes. A 1.0‐mL extract was pipetted

into tubes by twofold dilutions. Freshly grown bacteria of 1.0 mL were

added to the tubes in a density of 105 CFU/mL (final concentration/

tube). The tubes were incubated overnight at 37°C. CFU was

determined by diluting each well in tenfold dilutions. From each

dilution, aliquots were transferred to agar plates and incubated
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overnight. On the following day, the number of colonies was

evaluated, and the initial CFU/tube retrospectively calculated by the

formula:

Number of Sd1 CFUð Þ ¼ number of colonies
Volume of dilution x Dilution factor

:26
The lowest concentrations of extract that did not show any visible

growth after macroscopic evaluation were considered to be the MIC.27

Minimal bactericidal concentration (MBC, concentration producing

99.99% reduction of CFU [103 CFU/mL] in the initial inoculum) was

determined by subculture on nutrient agar. For nutrient agar subcul-

ture, culture broths that did not show visible bacterial growth (no

turbidity) were seeded onMueller Hinton agar and SS agar for 24 hours

at 37°C. Minimal bactericidal concentration was determined as the

lowest concentration of extract that did not show bacterial growth in

subcultures.28 Antibacterial activity was determined by the MBC/

MIC formula.29

2.5 | Sd1‐induce diarrhea

2.5.1 | Diarrhea induction and treatment

Rats were housed separately in metabolic cages. Before diarrhea

induction, we checked that our animals were not carrying Shigella. In

normal animals, stools were removed by rectal curettage using a

tongue depressor. A 0.5‐g stool was dissolved in 4.5 mL of sterile

saline solution, and 0.5 mL of the solution was inoculated on SS agar

plate and incubated for 24 hours at 37°C. The animals from which

the stool cultures were positive were excluded. After verifying that

the rats were not carrying Sd1, diarrhea was induced by orally admin-

istering to each rat a solution of 1.2 × 109 saline‐diluted Sd1

cells.12,30-32

When diarrhea appeared (26 h after administration of Shigella inoc-

ulum), the rats were randomly divided into 6 groups of 5 animals each.

Groups 1 and 2, diarrheic control (DC), did not receive any treatment,

but Group 1 was sacrificed 2 days after induction to determine haema-

tological parameters and nitric oxide (NO) level. Three other groups

were treated with antidiarrheal drugs twice daily (6:00 AM and

6:00 PM) for 6 consecutive days: Group 3 (Nor 20), 4 (WOb50), and 5

(WOb100) received, respectively, 20 mg/kg BW antibiotic norfloxacin

(positive control, norfloxacine: A‐320 norfen 400 mg tablet; Cadila

Pharmaceuticals Ltd), 50 mg/kg BW, and 100 mg/kg BW aqueous

extract of O barrelieri. To treat animals with the 100 mg/kg dose, we

administered orally stock solution (10 mg/mL) at 10 mL/kg BW to each

animal. For the 50mg/kg BWdose, the stock solution was diluted twice

and then administered orally to the animals at 10 mL/kg BW solution.

To exclude food involvement in induction of diarrhea, Group 6 (normal

control [NC]) consisting of 5 normal rats received food and water, but

no bacterial inoculums or drug. This group was treated only with

distilled water (10 mL/kg BW) for 6 consecutive days.

The number of deaths was recorded during treatment. The stools

were collected daily using a sterile stool pot of the metabolic cage. The

weight and quality of feces were examined daily for 6 consecutive days

of treatment. Sd1 counts in feces were done before induction of

diarrhea and daily for 6 consecutive days after onset of diarrhea. For

this purpose, 0.5 g of stool was dissolved in 4.5 mL of sterile saline
solution, serial dilutions were made, and 0.5 mL of each dilution was

inoculated on the SS agar plate and incubated for 24 hours at

37°C.30 After incubation, the number of Sd1 was determined.33 After

6 days of treatment, all survival animals were sacrificed and their blood

and their colon were collected for blood cells count using manual

method34 and/or for NO test using the modified Griess method.35

Colon fragments were fixed in 10% buffered formalin for histopatho-

logical examination.30

2.6 | NO dosage

Nitric oxide concentration was evaluated in serum and in colon

homogenates.30 To obtain Griess solution, 0.25 mL of Griess 1 (0.8 g

sulfanilic acid + 250 mL acetic acid 30%) was added to 0.25 mL of

Griess 2 (0.05 g of α‐naphthylamine + 100 mL acetic acid 30%). A

0.5‐mL serum or homogenate of the colon was added to 0.5 mL of

Griess solution, and the mixture obtained was left for 20 minutes at

room temperature. After 20 minutes, the optical density of each

mixture was read using a spectrophotometer (T60‐1611ESW) at

553 nm and recorded.35

2.7 | Hematological studies

Figured elements of the blood (red blood cells [RBC], white blood cells

[WBC], and platelet cells [PC]) were counted by a manual method34

using a light microscope (MOTIC 1820 LED: SM7432‐MC1ST‐

RPIWFM). The hematocrit (Ht) of each rat was determined using the

microhematocrit tube. Hemoglobin level (Hb) was determined by the

spectrophotometric method. The blood was diluted in a Drabking

solution (1/250), and the absorbance was read at 510 nm and

recorded. Mean corpuscular volume (MCV), mean corpuscular

hemoglobin (MCH), and MCH concentration (MCHC) were calculated,

respectively, by the formulae:

MCV ¼ Ht
RBC

x 10; 36
MCH ¼ Hb
RBC

x 10; 37
MCHC ¼ Hb
Ht

x 10:37
2.8 | Histopathological investigations

Histopathological investigations were done according to methods

described in the literature.38 For this purpose, colon fragments of each

experimental rat were fixed in 10% buffered formalin in labeled flasks

for histological examination. These colon fragments were embedded in

paraffin wax, and 2‐μm‐thick sections were made with the microtome.

These preparations were mounted on glass slides that were then

stained with hematoxylin and eosin and examined under a standard

light microscope (MOTIC 1820 LED: SM7432‐MC1ST‐RPIWFM).39
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2.9 | Statistical analysis

The data are means ± standard error of the mean ( X ± SEM) expressed

in tables, figures, and photos. These data were analyzed by 1‐way

analysis of variance followed by the Dunnett t test and the Tukey test

using Computer Pad InStat 3.05 (Graph Pad software, USU).
FIGURE 3 Bacterial growth inhibition (%) of Oxalis barrelieri aqueous
extract (WOb) in vitro. MBC, minimal bactericidal concentration;
MIC, minimal inhibitory concentration
3 | RESULTS

3.1 | Susceptibility of Sd1 to O barrelieri aqueous
extract

In vitro, the O barrelieri water extract showed an intersection point

between the growth zone and the growth inhibition zone correspond-

ing to the MIC. This MIC was about 6 mg/mL (Figure 2).
TABLE 1 Mortality rate (%) of diarrheic rats during 6 days of treat-
ment (n = 5)

Day
Treatment

Diarrheic
Control

Norfloxaxine
(20 mg/kg)

Aqueous Extract of Oxalis
barrelieri

50 mg/kg 100 mg/kg

1 0 0 0 0

2 0 0 0 0
3.2 | MIC and MBC values of O barrelieri water
extract by the graphic method

The O barrelieri water extract (WOb) showed in vitro inhibitory activity

on Shigella growth. The MIC and MBC values were 6 mg/mL and

25 mg/mL, respectively (Figure 3). The MBC/MIC ratio was 4.16.
3 40 0 0 0

4 60 0 0 0

5 100 0 0 0

6 … 0 0 0
3.3 | Antidiarrheal activities

Normal rats that were not inoculated with Shigella and were treated

with distilled water showed no signs of diarrhea. A few hours (4 h) after

Sd1 inoculum administration, the rats became calm, less mobile, curled

up, and showed erect hairs. Twenty‐six hours after inoculum adminis-

tration, the rats emitted the first diarrheal stool and became more

aggressive. During the treatment, rats recovered mobility progres-

sively, and their aggressiveness decreased. Diarrheal stools were soft

or liquid containing mucus or blood marks and attracted flies by their

fetid odors. These symptoms disappeared after 3 days of treatment.

During treatment, no death was recorded in all treated groups and

NC. However, we recorded 100% death in DC group (Table 1). The

first day of onset of diarrhea, stool weights were 3.06 ± 0.49 g,

2.78 ± 0.62 g, 2.60 ± 0.37 g, and 2.42 ± 0.37 g, respectively, for TD,
FIGURE 2 Sensitivity of Shigella dysenteriae type 1 to the Oxalis
barrelieri aqueous extract on Salmonella Shigella agar medium. MIC,
minimal inhibitory concentration
Nor20, WOb50, and WOb100. These values increased in untreated

group over time, decreased significantly (P < .01) from the second

day in norfloxacin‐treated group (Nor20) and from the third day in

extract‐treated groups (Figure 4). Diarrhea was eliminated by the sixth

day of treatment.

After onset of diarrhea in rats, the number of Sd1 was about

1.2 × 109 in all groups. These values increased significantly (P < .05)
FIGURE 4 Diarrheal stool weight during the treatment of diarrheic
rats with Oxalis barrelieri aqueous extract 50 mg/kg BW (WOb50),
100 mg/kg BW (WOb100), and norfloxacin 20 mg/kg BW (Nor20).
Data are the means ± SEM (n = 5). Significant difference: *P < .05 and
**P < .01 compared with diarrheic control (DC) rats; aP < .05 and
bP < .01 compared with initial values (d1: diarrhea appearance and
treatment start); αP < .05 and βP < .01 compared with reference drug
(Nor20). d0: Sd1 administration



FIGURE 5 Shigella dysenteriae A1 density (log10 transformed) in
diarrheic rat stools over 6 days treatment with 50 mg/kg BW
(WOb50) and 100 mg/kg BW (WOb100) Oxalis barrelieri water extract
and norfloxacin 20 mg/kg BW (Nor20). Data are the mean ± SEM
(n = 5). Significant difference: *P < .05 and **P < .01 compared with
diarrheic control (DC) rats; aP < .05 and bP < .01 compared with initial
values; βP < .01 compared with reference drug (Nor20). d1: diarrhea
appearance and treatment start

FIGURE 6 Nitric oxide (NO) production in colon (A) and blood (B) in diarrh
and Oxalis barrelieri aqueous extract 50 mg/kg BW (WOb50) and 100 mg/k
**P < .01 compared with normal control (NC); aP < .05 and bP < .01 compar
(Nor20)

TABLE 2 Blood cells rate in diarrheic rats after 6 days treatment with Oxa
(WOb100), and norfloxacin 20 mg/kg BW (Nor20)

Group NC DC

WBC × 103/mm3 10.7 ± 0.5 6.5 ± 0.4**

Hb, g/dL 17.6 ± 0.7 14.6 ± 0.7*

Ht, % 49.6 ± 2.4 41.8 ± 2.8**

RBC × 106/mm3 8.0 ± 0.3 7.1 ± 0.2*

PC × 106/mm3 84.6 ± 5.4 68.1 ± 2.0*

MCV, μm3 61.7 ± 1.2 58.9 ± 3.5

MCH, ρg 21.9 ± 0.0 20.6 ± 0.8

MCHC, ρg/dL 35.6 ± 0.8 35.2 ± 0.8

Abbreviations: DC, diarrheic control; Hb, hemoglobin; MCH, mean corpuscular
mean corpuscular volume; NC, normal control; PC, platelet cells; RBC, red bloo

Data are the mean ± SEM (n = 5 per group). Significant difference: *P < .05. **P
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from third day in untreated group. In all treated groups, these values

decreased significantly (P < .01) to 0.9 × 104, 59.4 × 106, and

14.1 × 104 CFU, respectively, for Nor20, WOb50, and WOb100 at

the sixth day of treatment (Figure 5).
3.4 | Effect of O barrelieri on NO production

In DC rats, NO production in colon was markedly high compared to

NC: 418.15 ± 48.65μM against 57.34 ± 3.76μM (P < .01), 2 days after

the onset of diarrhea. After 6 days of treatment, NO production in

colon was significantly reduced (P < .01) by 20 mg/kg BW norfloxacin

and by 50 and 100 mg/kg BW aqueous extract of O barrelieri after the

sixth day of treatment (Figure 6A). The blood level of NO was higher in

DC than normal rats: 132.42 ± 17.26μM against 60.59 ± 6.61μM.

After 6 days of therapy, neither the norfloxacin nor the O barrelieri

extract significantly reduced the production of NO in diarrheic rats

blood (Figure 6B).
eic rats after 6 days treatment with norfloxacin 20 mg/kg BW (Nor20)
g BW (WOb100). Data are mean ± SEM (n = 5). Significant difference:
ed with diarrheic control (DC); αP < .01 compared with reference drug

lis barrelieri aqueous extract 50 mg/kg BW (WOb50), 100 mg/kg BW

Nor 20 mg/kg WOb 50 mg/kg WOb 100 mg/kg

10.4 ± 0.4b 6.8 ± 0.3** 5.4 ± 0.2**

16.2 ± 0.5 13.9 ± 0.7** 17.1 ± 0.2

46.3 ± 1.9 40.5 ± 2.9** 51.0 ± 0.7

7.6 ± 0.1 7.1 ± 0.3* 7.7 ± 0.3

80.9 ± 1.4 86.7 ± 3.3 86.2 ± 3.1

60.6 ± 2.6 57.0 ± 2.2 66.7 ± 2.1

21.3 ± 0.8 19.6 ± 0.7 22.3 ± 0.9

35.2 ± 0.5 34.5 ± 1.0 33.5 ± 0.4

hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV,
d cells; WBC, white blood cells.

< .01 compared with NC. bP < .01 compared with DC.
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3.5 | Blood parameters

Red blood cells, Ht, PC, MCV, MCH, and MCHC did not significantly

change in norfloxacin‐treated diarrheic rats compared to NC. However,

in O barrelieri water extract treated, only the WBC and hemoglobin

decreased significantly (P < .01) compared toNC rats: 6.55 ± 0.38 × 103/

mm3 and 10.39 ± 0.39 × 103/mm3 for WBC and 14.63 ± 0.67 g/dL and

17.65 ± 0.73 g/dL for hemoglobin, respectively (Table 2).
3.6 | Effects of O barrelieri water extract on the
microhistology of colon in diarrheal rats

The control rat colon (Figure 7A) showed normal mucosa. In untreated

diarrheal rats, colon histology showed destruction of the mucosa

(Figure 7B). However, in rats treated with norfloxacin 20 mg/kg

(Figure 7C), with 50 mg/kg (Figure 7D) or 100 mg/kg (Figure 7E)
FIGURE 7 Histological section of the colon of normal rats (A), untreated di
and the Oxalis barrelieri water extract 50 mg/kg (D) or 100 mg/kg (E)
O barrelieri aqueous extract, the microhistology of the colon showed

a normal mucosa.
4 | DISCUSSION

The purpose of this study was to provide scientific support for the

traditional use of O barrelieri extract to treat diarrhea. Antidiarrheic

effects of O barrelieri aqueous extract were investigated using the

antibacterial activity in vitro on Sd1 and the activity on shigellosis

induced in rats.

In vitro antimicrobial study showed an inhibitory activity of extract

against Sd1 growth. Minimal inhibitory concentration and MBC values

of O barrelieri aqueous extract were high compared to norfloxacin MIC

value (0.5 to >256 μg/L),40 although they are closer to those reported

for other plant extracts, eg, 0.8 mg/mL with the methanol extract of
arrheal rats (B) and diarrheal rats treated with norfloxacin 20 mg/kg (C),
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Picralima nitida,41 1.17 mg/mL with aqueous extract of Mallotus

oppositifolium,32 and 3.5 mg/mL with aqueous ethanol extract of

Euphorbia prostrata ait.31 These results are probably due to the fact that

this crude extract might contain less active compounds against this bac-

terial strain. For aqueous extract ofO barrelieri, the ratio MBC/MICwas

higher than 4, and this could thus indicate a bacteriostatic activity.29

This bacteriostatic property could be confirmed by the number of Sd1

counted in the stool. The bacterial population decreased moderately

in WOb‐treated rats compared to norfloxacin‐treated rats. Diarrheal

rats developed soft stools, glary or mucus‐linked lumpy stools, and

feces with a fetid odor that evidenced the presence of pus that are typ-

ical signs of infectious or “invasive” diarrhea.30,42

In untreated diarrheic rats, destruction of the colonic mucosa and

significant NO production were due to the pathogenic effects of Shi-

gella. However, the protection of the colonic mucosa and the signifi-

cant decrease in NO production in the colon and in the blood appear

to be a direct result of treatment with the extract. The pathogenesis

of Shigella is multifactorial and includes the production of shiga‐toxin

and its ability to penetrate and destroy host tissues that largely induces

an inflammatory response. Shigella would penetrate the intestinal

epithelial barrier through M cells that cover the lymphoid follicles

and reach the basolateral layer of the intestine where it can invade.

Shigella, once in the cells, multiplies rapidly and spreads to adjacent

cells.4 As a result of this pathogenesis, severe tissue damage in sigmoid

colon and rectum, responsible for the severe dysenteric syndrome,

occurs.42 High levels of NO in DC rats might result from the lipopoly-

saccharides or the enterotoxins (shiga toxin) produced by Sd1, which is

very often implicated in the inflammation associated with diarrhea.

Bacterial lipopolysaccharides or Sd1 enterotoxins induce the expres-

sion of the inducible NO synthase gene in different inflammatory and

tissue cells for the production of NO.43,44 High bacterial load (high

concentration of enterotoxins) would be responsible for the high NO

level in the colon and in the blood. The extract reduced the bacterial

load, causing a decrease in enterotoxins, which would lead to a

decrease in NO production. O barrelieri aqueous extract contains

anthocyanidins18 with antioxidant properties.45 Reduction of oxidative

stress by this compound would result in decreased NO and damage to

the intestinal mucosal barrier, leading to a reduction in diarrhea.45

Various physiological and physiopathological responses in the human

body are regulated by NO molecules. It regulates blood circulation,

platelet function, host defense system, and neurotransmission in the

central nervous system and peripheral nerves.43 Blood parameters

revealed low values of RBC and WBC in DC rats. Shigellosis induces

anemia by loss of blood (RBC and WBC) in the feces.46 Nitric oxide

also promotes the migration of leukocytes to the inflammatory

focus.43 The production of IL‐1β and the recruitment of neutrophils

through the intestinal epithelial layer induced by Shigella are responsi-

ble for the apoptosis of macrophages4 that could lead to a decrease of

the total number of white blood cells in blood circulation.30 Rats

treated with 50 mg/kg O barrelieri extract exhibited low levels of

WBC, RBC, Ht, and Hb. This could be explained by the ineffectiveness

of this dose on Shigella or by the high level of NO that would favor the

migration of leukocytes to the infected site.43

O barrelieri extract was found to be bacteriostatical, inhibited

bacterial growth in vivo, and reduced NO production. Furthermore,
O barrelieri prevented the destruction of colonic mucosa and death in

infected rats. These results attest the antishigellosis properties of

O barrelieri extract. These multiple results would support the use by

traditional healers, of the decoction of O barrelieri as an antidiarrheal

drug. In prospect, future studies performing detailed chemical profiles

of the extract will be needed to get a clear and detailed description

of the major compounds of the extract and the nature of the chemicals

underlying the reported antidiarrheic effect.

ACKNOWLEDGEMENTS

This work was financially supported by the Institute of Medical

Research and Medicinal Plants Studies (IMPM). Authors are very

grateful to the Centre Pasteur of Yaoundé, Cameroon, for providing

Shigella dysenteriae type 1 strain (088‐1A).

CONFLICT OF INTEREST

None declared.

AUTHOR CONTRIBUTIONS

Conceptualization: René Kamgang, Michel Archange FokamTagne

Formal Analysis: Michel Archange FokamTagne

Funding Acquisition: René Kamgang

Investigation: Michel Archange Fokam Tagne, Paul Aimé Noubissi,

Gaëtan Olivier Fankem

Methodology: René Kamgang, Michel Archange FokamTagne

Project Administration: René Kamgang, Michel Archange FokamTagne

Resources: René Kamgang, Michel Archange FokamTagne

Supervision: René Kamgang

Validation: René Kamgang

Writing—Original Draft Preparation: Michel Archange FokamTagne

Writing—Review & Editing: Michel Archange FokamTagne, Paul Aimé

Noubissi, Gaëtan Olivier Fankem, René Kamgang.

ORCID

Michel Archange Fokam Tagne http://orcid.org/0000-0003-1880-

611X

REFERENCES

1. Chen J, Li Y, TianY, et al. Interaction between microbes and host intes-
tinal health: modulation by dietary nutrients and gut‐brain‐endocrine‐
immune axis. Curr Protein Pept Sci. 2015;16(7):592‐603.

2. He L, Han M, Farrar S, Ma X. Impacts and regulation of dietary nutrients
on gutmicrobiome and immunity. Protein Pept Lett. 2017;24(5):380‐381.

3. Ma N, Tian Y, Wu Y, Ma X. Contributions of the interaction between
dietary protein and gut microbiota to intestinal health. Curr Protein Pept
Sci. 2017;18(8):795‐808.

4. Tarr PI, Bass DM, Hecht GA. Bacterial, viral, and toxic causes of
diarrhea, gastroenteritis, and anorectal infections. In: Yamada T, ed.
Textbook of Gastroenterology. fifth ed. Blackwell; 2009:1157‐1224.

5. Fischer Walker CL, Perin J, Aryee MJ, Boschi‐Pinto C, Black RE.
Diarrhea incidence in low‐ and middle‐income countries in 1990 and
2010: a systematic review. BMC Public Health. 2012;12(1):220.

6. WHO, (World Health Organization). (2013). Diarrhoeal disease, Fact
Sheet N°330.

7. Ezekwesili CN, Obiora KA, Ugwu OP. Evaluation of anti‐diarrhoeal
property of crude aqueous extract of Ocimum gratissimum L. (Labiatae)
In rats. Biokemistri. 2004;16(2):122‐131.

http://orcid.org/0000-0003-1880-611X
http://orcid.org/0000-0003-1880-611X


8 of 8 FOKAM TAGNE ET AL.
8. Ammoury, R. F. and Ghishan, F. K. (2012). Pathophysiology of diarrhea
and its clinical implications, In J. D. W, Leonard R. Johnson, Fayez K.
Ghishan, Jonathan D. Kaunitz, Juanita L. Merchant, Hamid M. Said
(Ed.), Physiology of the Gastronintestinal Tract, Fifth Edit., Elsevier Inc.,
pp. 2183–2198.

9. Ndze VN, Akum AE, Kamga GH, et al. Epidemiology of rotavirus
diarrhea in children under 5 years in Northern Cameroon. Panafric
Medic J. 2012;8688:1‐7.

10. Taneja N, Mewara A. Shigellosis: epidemiology in India. Indian J Med
Res. 2016;143(5):565‐576.

11. Sur D, Ramamurthy T, Deen J, Bhattacharya SK. Shigellosis: challenges
& management issues. Indian J Med Res. 2004;120(5):454‐462.

12. Kamgang R, Pouokam KEV, Fonkoua MC, Penlap NBV, Biwolé SM.
Shigella dysenteriae type 1‐induced diarrhea in rats. Jpn J Infect Dis.
2005;58(6):335‐337.

13. de Sosa, A. J., Byarugaba, D. K., Amabile‐Cuevas, C. F., Hsueh, P.‐R.,
Kariuki, S. and Okeke, I. N. (2010). Antimicrobial Resistance in Developing
Countries, New York: Springer, pp. 3–26;177–266.

14. Broder MS, Chang E, Romanus D, Cherepanov D, Neary MP.
Healthcare and economic impact of diarrhea in patients with carcinoid
syndrome. World J Gastroenterol. 2016;22(6):2118‐2125.

15. Faure C. Role of antidiarrhoeal drugs as adjunctive therapies for acute
diarrhoea in children. Int J Pediatrics. 2013;2013:612403.

16. Aikins M, Armah G, Akazili J, Hodgson A. Hospital health care cost of
diarrheal disease in Northern Ghana. J Infect Dis. 2010;202(Suppl 1):
S126‐S130.

17. Anup M, Saikat D, Subhash CM. In vivo evaluation of antidiarrhoeal
activity of the seed of Swietenia macrophylla King (Meliaceae). Tropic J
Pharmaceut Res. 2007;6(2):711‐716.

18. Fokam Tagne MA, Kamgang R, Noubissi PA, Essame Oyono J‐L.
Activity of Oxalis barrelieri aqueous extract on rat secretory diarrhea
and intestine transit. J Appl Pharmaceut Sci. 2015;5(1):058‐062.

19. Smith J, van den Broek F, Martorel J, et al. ‘Principles and practice in
ethical review of animal experiments across Europe: summary of the
report of a FELASA Working Group on ethical evaluation of animal
experiments. Lab Anim. 2007;41(2):143‐160.

20. Kamgang R, Youmbi Mboumi R, Foyet Fondjo A, Fokam Tagne MA,
Mengue N’dillé GPR, Ngogang Yonkeu J. Antihyperglycaemic potential
of the water–ethanol extract of Kalanchoe crenata (Crassulaceae). J Nat
Med. 2008;62(1):34‐40.

21. Collins CH, Lyne PM. Antimicrobial susceptibility tests. In: Collins CH,
Lyne PM, Grange JM, Falkinham III JO, eds. Microbiological Methods.
8th ed. London: Arnold; 1987:168‐186.

22. National Committee for Clinical Laboratory Standards. (1999). M26‐A:
methods for determining bactericidal activity of antimicrobial agents;
approved guideline, Wayne, PA 19(18):1‐19.

23. Bär W, Bäde‐schumann U, Krebs A, Cromme L. Rapid method for
detection of minimal bactericidal concentration of antibiotics. J
Microbiol Methods. 2009;77(1):85‐89.

24. Pridmore A, Burch D, Lees P. Determination of minimum inhibitory and
minimum bactericidal concentrations of tiamulin against field isolates of
Actinobacillus pleuropneumoniae. Vet Microbiol. 2011;151(3–4):409‐412.

25. Hall GS, Pratt‐rippin K, Meisler DM, Washington JA, Roussel TJ, Miller
D. Minimum bactericidal concentrations of Propionibacterium acnes
isolates from cases of chronic endophthalmitis. Diagn Microbiol Infect
Dis. 1995;21(2):187‐190.

26. Wang N, Strugnell R, Wijburg O, Brodnicki T. Measuring bacterial load
and immune responses in mice infected with Listeria monocytogenes. J
Vis Exp. 2011;54(e3076):1‐10.

27. Wilkinson I, Gentry L. In vitro comparison of ceftazidime and nine other
antimicrobial agents against hospital strains of Gram‐negative bacteria.
J Antimicrob Chemother. 1981;8(Suppl. B):53‐56.

28. Riffel A, Medina L, Stefani V, Santos R, Bizani D, Brandelli A. In vitro
antimicrobial activity of a new series of 1,4‐naphthoquinones. Braz J
Med Biol Res. 2002;35(7):811‐818.
29. Giguère S. Therapy antimicrobial drug action and interaction: an introduc-
tion. In: Giguère S, Prescott JF, Dowling PM, eds. Antimicrobial Therapy in
Veterinary Medicine. Fifth edit ed. John Wiley & Sons, Inc; 2013:3‐10.

30. Kamgang R, FokamTagne MA, Gonsu Kamga H, Noubissi PA, Fonkoua
MC, Essame Oyono J‐L. Activity of aqueous ethanol extract of Euphor-
bia scordifolia on Shigella dysenteriae type 1‐induced diarrhea in rats. Int
J Pharmaceutic Sci Drug Res. 2015;7(1):40‐45.

31. Kamgang R, Gonsu Kamga H, Wafo P, et al. Activity of aqueous ethanol
extract of Euphorbia prostrata ait on Shigella dysenteriae type 1‐induced
diarrhea in rats. Indian J Pharm. 2007;39(5):240‐244.

32. Kamgang R, Pouokam KEV, Fonkoua MC, Penlap NBV, Biwolé SM.
Activities of aqueous extracts of Mallotus oppositifolium on Shigella
dysenteriae A1‐induced diarrhoea in rats. Clin Exp Pharmacol Physiol.
2006;33(2):89‐94.

33. Islam MS, Hossain MZ, Khan SI, Felsenstein A, Sack RB, Albert MJ.
Detection of non‐culturable Shigella dysenteriae 1 from artificially con-
taminated volunteers' fingers using fluorescent antibody and PCR
techniques. J Diarrhoeal Dis Res. 1997;15(2):65‐70.

34. Archer R. Technical methods. In: Archer R, Jeffcott L, eds. Comparative
Clinical Hematology. Blackwell Scientific; 1977:537‐609.

35. Guenane H, Hartani D, Chachoua L, Lahlou‐Boukoffa O, Mazari F,
Touil‐Boukoffa C. Production of Th1/Th2 cytokines and nitric oxide
in Behçet's uveitis and idiopathic uveitis. J Fr Ophtalmol.
2006;29(2):146‐152.

36. Ghanayem BI, Ward SM, Blair PC, Matthews HB. Comparison of the
hematologic effects of 2‐butoxyethanol using two types of hematology
analyzers. Toxicol Appl Pharmacol. 1990;106(2):341‐345.

37. Descat, F. (2002). Rat hematology: hemogram and myelogram. pp. 22–52.

38. Marck V. Anatomy and pathological cytology. In: Marck V, ed. Manual
of Anatomo‐Cytopathology Techniques, Masson SAS. Paris: Elsevier;
2010:35‐132.

39. FokamTagne MA, Noubissi PA, Kamgang R. Acute and subchronic oral
toxicity studies of an ethanol/water extract of Euphorbia scordifolia
Jacq (Euphorbiaceae) in mice and in rats. Int J Pharmacol, Phytochem
Ethnomed. 2017;7:18‐29.

40. Bhattacharya D, Sugunan AP, Bhattacharjee H, et al. Antimicrobial
resistance in Shigella ‐ rapid increase & widening of spectrum in
Andaman Islands, India. Indian J Med Res. 2012;135(3):365‐370.

41. Kouitcheu LBM, Tamesse JL, Kouam J. The anti‐shigellosis activity of
the methanol extract of Picralima nitida on Shigella dysenteriae type I
induced diarrhoea in rats. BMC Complement Altern Med. 2013;13:211.

42. Belaiche J. Physiopathology of acute infectious diarrhea. Acta
Endoscopica. 2000;30(3):177‐184.

43. Korhonen R, Lahti A, Kankaanranta H, Moilanen E. Nitric oxide produc-
tion and signaling in inflammation., Current drug targets. Inflammat
Allergy. 2005;4(4):471‐479.

44. Su S, Wang T, Duan J‐A, et al. Anti‐inflammatory and analgesic activity
of different extracts of Commiphora myrrha. J Ethnopharmacol.
2011;134(2):251‐258.

45. Han M, Song P, Huang C, et al. Dietary grape seed proanthocyanidins
(GSPs) improve weaned intestinal microbiota and mucosal barrier using
a piglet model. Oncotarget. 2016;7(49):80313‐80326.

46. Lan R, Alles MC, Donohoe K, Marina B, Reeves PR, Martinez MB.
Molecular evolutionary relationships of enteroinvasive Escherichia coli
and molecular evolutionary relationships of enteroinvasive Escherichia
coli and Shigella spp. Infect Immun. 2004;72(9):5080‐5088.

How to cite this article: Fokam Tagne MA, Noubissi PA,

Fankem GO, Kamgang R. Effects of Oxalis barrelieri L.

(Oxalidaceae) aqueous extract on diarrhea induced by Shigella

dysenteriae type 1 in rats. Health Sci Rep. 2018;1:e20. https://

doi.org/10.1002/hsr2.20

https://doi.org/10.1002/hsr2.20
https://doi.org/10.1002/hsr2.20

